has been long established (1, 2, 3) , while the worthiness of the determination of serum copper is becoming of increasing interest (4, 5, 6) . Therefore, it would be of real value if the concentration of both metabolically interrelated constituents of serum (7, 8, 9) could be determined accurately. It has recently been shown that copper and iron, when present in known amounts, could be accurately determined by the employment of mixed phenanthrolines, either individually or on the same sample, in an aqueous or an organic phase, by the use of simultaneous mathematical equations (10) . Since it is theoretically possible to determine several constituents by simultaneous spectrophotometry in the same phase, these two metals can be analyzed with accuracy (11) , providing that there is no interaction between the two metals and the cornplexing agents selected as specifics for a given matrix containing the two metals. Although several possibifities exist with respect to the choice of phenanthrolines for the stated purpose, 1,10-phenanthroline (orthophenanthroline) was shown to be a specific reagent for iron, and 2,9-diinethyl-4,7-diphenyl-1,10-phenanthroline (bathocuproine), a specific reagent for copper. It will be shown that neither complexing agent interferes with the other when used in mixtures of the two metal ions. The procedure to be described involves acid destruction of the organic material present, with an initial measurement of the iron as the ferrous-1,10-phenanthroline complex, followed by the ex-traction of the reduced copper as the cuprous-2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline complex into an octyl or isooctyl solution for its subsequent analytic spectrophotometric measurement. Wet ashing has been shown to be more reliable than dry ashing for trace amounts of copper and iron (12, 13) . (10) .
REAGENTS
Copper working standard: Dilute 0.0, 3.0, 6.0, and 9.0 ml. of stock standard to 100 ml. with distified water.
Iron stock standard: Weigh 100 mg. of analytically pure iron wire, dissolve this in sulfuric acid solution with heating, and dilute to one liter (10) .
Iron working standard: Dilute 0.0, 3.0, 6.0 and 9.0 ml. of the stock iron solution to 100 ml. with distilled water.
Solid ascorbic acid. PROCEDURE cuvets, add 5.0 ml. of the buffer solution and a small amount of solid ascorbic acid (the amount of ascorbic acid has been found to be noncritical and can be varied over a rather wide range with no effect on the final color obtained. In our laboratory we use a spatula-tipful per tube). Pipet 5.0 ml. of the 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline solution, stopper the tubes with a plastic stopper, and shake vigorously for 3-5 minutes. Centrifuge the covered tubes at 3500 rpm for 3-5 minutes.
Carefully remove the lower layer of the solutions with a syringe and a long needle. Recentrifuge the alcohol layer for a minute if necessary and measure the absorbance of the standards against the blank at 479 mL on the D. U. Beckman using the test-tube adapter assembly. Pipet 1.0 ml. of each of the working iron standards into 19 X 105 mm. cuvets and add 4.0 ml. of the buffered 1,10-phenanthroline solution to each cuvet. Add a small amount of solid ascorbic acid and mix well. Measure the absorbances obtained against the blank at 508 in in a D. U. Beckman using test-tube adapter assembly.
DETERMINATION OF SERUM COPPER AND IRON
Pipet 3.0 ml. of serum into a 125 ml. Pyrex beaker containing 10 ml. of the acid digestion mixture and 0.1 ml. of the 40 per cent sulfuric acid. Cover the beaker with a watch glass and digest on a hot plate. When digestion is complete and the beaker filled with dense white perchioric acid fumes, remove the watch glass and evaporate the solution to the point where the sulfuric acid fumes are barely coming off. This should not be done at more than medium temperature on the hot plate to obviate the formation of insoluble complexes. Cool and add 5.0 ml. of the buffered 1,10-phenanthroline solution and a small amount of solid ascorbic acid. Mix well and allow to stand for 15 minutes before pouring the solution into 19 by 105 mm. cuvets. Read the absorbances at 508 m against a reagent blank carried through the same process. Pipet 1.0 ml. of distilled water into the beakers as a last wash and add this to the same cuvets in which the iron complex was measured.
To each cuvet add 5.0 ml. of the 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline solution.
Stopper, shake them vigorously for 3-5 minutes, and then centrifuge at 3500 rpm for 3-5 minutes. Remove the lower layer with a syringe, recentrifuge if necesnary, and obtain the absorbances by measuring against the similarly treated blank at 479 mu. DISCUSSION Table 1 shows the range of recoveries one can expect in the analysis of pure solutions for copper and iron by the described technic. It can be seen that the recovery is well within the range of analytic acceptability for both components, and that the determination of one metal does not interfere with the determination of the other. Our next investigation was the determination of both metals under similar circumstances to wet ashed with known amounts of copper and iron and the determinations carried out. The data obtained, corrected for blanks, are shown in Table 2 , and it can be seen that protein is completely eliminated by the acid digestion and offers no interference. A third experiment was designed in which known amounts of copper and iron were added to aliquots of pooled serum. The results shown in Table 3 suggest that the reproducibility and accuracy are within the required analytic limits.
A small amount of sulfuric acid was included in the wet ashing pro- cedure to eliminate the formation of perchiorates. It has been demonstrated that the ferrous-1,10-phenanthroline complex is extractable when perchlorate is present, and this would cause an interference in the copper determination (14) . A heavier alcohol than isoamyl was employed in the extraction process, because it was found that when the ratio of the alcohol phase to the water phase was above 0.6 then a very small amount of the ferrous complex was extracted and interfered with the copper analysis.
Solid ascorbic acid was the reducing agent of choice since in amounts used it caused no change of volume in the reacting solution, it reacted immediately, and contained no iron contamination. The absorbance values obtained were the same as those obtained with hydroxylamine hydrochloride, a compound which has seen extensive use for this purpose in past publications (15, 16) . The sensitivity of the described procedure is good. The absorbance values obtained for a standard corresponding to 1 &g. per ml. was 0.2 for the aqueous ferrous-1,10-phenanthroline complex at 508 mp., and 0.2 for the octyl alcohol solution of cnprous-2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline complex of the same concentration. Although the sample size is 3.0 ml., it is not large when one considers that both copper and iron are analyzed.
In addition, the procedure uses all of the desired constituents for the determination, which in-creases the absorbance values to a maximum. The test-tube adapter assembly increases the light path and at the same time decreases cuvet cost considerably.
SUMMARY
A procedure has been described for the quantitative determination of copper and iron in one serum sample. The sera are wet ashed to destroy organic material, leaving inorganic salts available in the residue for the subsequent spectrophotometric determination of iron as the ferrous-1,10-phenanthroline complex in the aqueous phase, and copper as the cuprous-2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline in an organic extract phase.
